An important component of cancer control programs for the growing burden in sub-Saharan Africa is a population's awareness of risk factors. Studies thereof have focused on single rather than multiple cancers and carcinogens. During March and April 2015, we undertook a survey to assess awareness of multiple cancer risk factors and symptoms in the Kilimanjaro Region, North Tanzania. General population (n = 620) and attendees at HIV care-and-treatment clinics (CTCs) were included (n = 207). Participants' mean age was 43.8 (interquartile range 30-52) years; 58% were female. Awareness of cancer risk was highest for tobacco (90%) and alcoholic spirits (67%), but tended to be lower for infections (41% for HIV (42.2% and 41.4% for CTC and community group, respectively) and 16% for HPV (16.0% and 16.6% for CTC and community group, respectively)), while that of moldy maize and peanuts was 35% for both. Awareness of specific cancer signs and symptoms ranged between 70% and 90%. Awareness of alcohol and tobacco was higher in men than women (odds ratio = 1.82 (1.38, 2.40) and 3.96 (2.14, 7.31), respectively). In relation to cancer treatment, 70% preferred modern medicine and 10% preferred traditional medicine alone. Sixty percent was not aware of any local cancer early detection services. Only 20% had ever been examined for cancer, and of those screened, CTC group was 1.5 times more likely to screen than community participants. Awareness did not differ by age or HIV status. There are good levels of cancer risk factor awareness for certain lifestyle-related carcinogens in Tanzania; however, increased awareness is needed especially for infections and cancer warning symptom both in the general and HIVpositive population, as well as some myths to be dispelled.
Introduction
Sub-Saharan Africa (SSA) is experiencing an increasing burden of cancer. GLOBOCAN estimates that the risk of getting and dying of cancer in SSA before age 75 is 12.5% and 9.5%, respectively [1] . It is also projected that between 2010 and 2030, this region will have a 77% increase in cancer deaths [2] . As cancer is relatively new in SSA's disease profile, the full spectrum of cancer control measures needs strengthening-from prevention strategies to accelerated presentation, diagnosis, and treatment. However, due to barriers throughout this process, as in many low-and middle-income countries, cancer is commonly diagnosed at very advanced disease stages in SSA which contributes to low survival rates [3] [4] [5] .
In the efforts for cancer control, cancer prevention and early diagnosis are central [6, 7] . In the SSA context, the status of and potential for improvements in these two aspects involve both the population and health system, and at the grassroot level, they start with the population's understanding of cancer. Religious beliefs, culture, and socioeconomic status influence awareness and knowledge of cancer, while health systems are in different states of preparedness for cancer referral, diagnosis, and treatment [4, 8, 9] . In Africa, culture plays a particular role in disease perceptions and health-seeking behaviors [9] . When cancer symptoms are noticed, knowledge of the importance of early detection can be lacking [9] [10] [11] . Cancer awareness is important overall, and especially in high-risk individuals such as people living with HIV/AIDS (PLHIV), a prevalent group in many SSA settings with raised risks of several cancers [12] [13] [14] [15] [16] .
Previous SSA studies of cancer awareness largely focused on single types of cancer or on specific risk factors. For example, cancer awareness has been studied for cervical cancer especially in relation to HPV and its vaccine [10, 11, 17, 18] , as well as for breast, prostate [19] [20] [21] , lung [22] , and esophageal cancer [23] . All these studies were conducted in the general population, while others examined cancer patients' understanding of the causes of their cancer, unveiling beliefs in curses or witchcraft [24, 25] . In terms of cancer risk factors, studies have focused on awareness of tobacco, STDs, HIV, alcohol consumption [26, 27] , and presence of high levels of aflatoxin food contamination [28] [29] [30] . None of these studies jointly addressed awareness of multiple cancer risk factors in the population, yet this overall risk is most relevant for an allencompassing cancer control plan. Thus, to address awareness of cancer in a holistic fashion, in the Kilimanjaro Region of Northern Tanzania, we undertook a study in the general population and in PLHIV to examine awareness of a range of cancer risk factors and of early warning symptoms for all cancer types combined.
Methods
During March and April 2015, we undertook a cross-sectional survey to assess knowledge and awareness of cancer risk factors and cancer signs and symptoms in the seven districts of Kilimanjaro Region (population 1.6 million), Tanzania. The most common cancers at the region's tertiary hospital are cervical, breast, esophagus, and prostate [31, 32] . The population can avail of a free cancer early detection or diagnostic services at two major hospitals (Mawenzi and the Kilimanjaro Christian Medical Center (KCMC)) in the region's capital town of Moshi. Cervical examinations (visual inspection with acetic acid) are organized in a specified clinic at KCMC three times weekly. Mammography and breast examination are available upon request of a clinician. For men, prostaticspecific antigen (PSA) is available to symptomatic men presenting to the urology department.
Two groups of participants were targeted for inclusion in the survey. The first group was population-based; households were randomly selected in each district, and when interviewers approached each house, one adult (minimum age 18 years) was invited to participate on the spot. Total of 620 adults participated, with a response rate of 96%. Such high response rates are typical of this population who are highly willing to facilitate research. The second group consisted of day participants at five HIV care-and-treatment clinics (HIVCTCs), four of which are situated within inpatient and outpatient departments of secondary/tertiary hospitals and one was a stand-alone clinic. HIV-CTCs provide PLHIV with ARVs, treatment monitoring, and checkups. As in the rest of the country, a health education session to clients is a common procedure in most of HIV-CTC within the study area. Lesson of the day may range from a wide selection of topics including but not limited to cancer screening, adherence to treatment, nutritional needs, self-care, etc. HIV-CTC attendees were randomly selected from the patients' waiting list on clinic days, from which 207 participants were enrolled.
For each participant, written informed consent was obtained prior to conducting interviews using a pre-tested interviewer-administered questionnaire in Kiswahili. For knowledge of cancer risk factors, participants were asked whether each of a list of items is common in this setting Bincreased cancer risk,^with the answers Byes, a strong cause of cancer,B yes, a moderate cause of cancer,^Bno, not related to cancer,^and BI don't know.^Fourteen of the items were expected to be answered in either of the Byes^catego-ries [33] : [1] tobacco use, [2] any alcohol, [3] spirits, [4] home brew, [5] EBV, [6] hepatitis B, [7] HIV/AIDS, [8] HPV, [9] indoor air pollution, [10] relative with breast cancer, [11] old age, [12] overweight or obesity, [13] moldy groundnuts as proxy for aflatoxin, and [14] processed meat. If the person identified the carcinogen, they were asked what types of cancer it could cause, with multiple types allowed. Intermixed with these risk factors were other exposures prevalent in the area or likely to be of concern to the community, but that are not established carcinogens at present. Cancer warning signs/symptoms were obtained from the American Cancer Society seven-cancer warning signs abbreviated as c-a-u-t-i-o-n [34] which range from skin, gastrointestinal, breast, lung, and cervix symptoms. Out of a list of 11 mixed signs and symptoms of ill health, 7 were obvious cancer warning signs. Response options were yes, Bno,^and BI don't know.Ê thical approval was obtained from the Kilimanjaro Christian Medical University Collage Institutional Review Board (CRERC). We obtained permission to contact the community from regional and district medical officers.
Statistical Analysis
R-studio R software [35] was used to analyze the descriptive characteristics of the study participants. Univariate and multivariate logistic regressions were used to compute measures of association between cancer awareness as a binary outcome and the explanatory variables age, sex, district of residence, and HIV status. Binary outcome constituted Bknowledgeableŵ hich is a correct response to the known cancer risk factors or warning sign, and Bnon-knowledgeable^is the opposite.
Results

Participant Characteristics
Characteristics of the 827 study participants (620 community and 207 HIV-CTC attendees) are shown in Table 1 . Overall, 58% were women, especially in PLHIV (67%). The mean age of participants in the community was 41.7 years and 44.2 years in the HIV group. Figure 1 shows the awareness distribution of each cancer risk factor. Awareness levels were highest for tobacco (90%). For consumption of any alcohol type, awareness of cancer risk was 46%. Cancer risk awareness differed greatly between types of alcohol. It was lowest for home-brewed alcohol at 16% (n = 132) and highest for strong sprits, 67% (n = 554), for which 54% (n = 334) of affirmatives said it caused liver cancer, 20% (n = 124) esophageal cancer, 19% (n = 117) lung cancer, and 12.7% (n = 79) gastric cancer. Amongst those who answered affirmatively, cancer types reported as being related to tobacco were lung 72% (n = 541) and esophageal 32% (n = 240).
Awareness of Risk Factors for Cancer
Awareness of infections related to cancer was generally lower: 41% (N = 267) of participants knew that HIV increases risk of developing cancer, 28% (n = 96) of positive responders related it to cervical cancer, and 19% (n = 65) listed skin cancer. When analyzed separately by HIV or community participants, there was no difference in those who know HIV was associated with cancer risk. Knowledge of cancer risks associated with HPV and HBC was lower at 17% (n = 136) and 37% (n = 305), respectively. Awareness of risk associated with moldy maize or peanut was both 35% (n = 287) while awareness of indoor air pollution was 38% (n = 429). Knowledge of risk of being overweight was 24% (n = 203), and that of processed meat consumption was 38% (n = 317). Of other agents queried that are not recognized cancer risk factors (data not shown in tables), mobile phones were of concern to participants, either kept in the pocket or when using it (both > 50%) and use of pesticides (67%) ( Table 2) .
Associations with cancer risk factor awareness generally found few differences by age, sex, or HIV status with exception of the following. We found a statistically significant gender differences in alcohol risk awareness, overall and for strong spirits. Men were more knowledgeable than women of the cancer risks posed by alcohol (OR 1.8 (95% confidence interval 1.25-2.26), p = 0.0006) and by strong sprits (OR 1.65 (95% CI 1.19-2.29), p = 0.0002). Similar to alcohol, knowledge on the risk of tobacco use was higher in men than women (OR 3.96 (95% CI 2.14-7.31), p = 0.001). Knowledge of infection risk of HPV and HIV infection did not show any significant relation to age or sex of respondents, but knowledge to risk of Epstein Barr virus was higher for men (OR 2. 
Knowledge of Cancer Warning Symptoms
The majority of respondents, 71% (n = 587), said that an obvious growth, rough, or blackening skin spot could be a warning sign of cancer. Similarly, 74% (n = 612) said yes for an obvious change in a wart or mole, 77% (n = 636) identified a sore throat that does not heal, 71 (n = 587) unusual bleeding or discharge, and 90% (n = 744) a thickening or lump in the breast or elsewhere in body. Other signs/symptoms of cancer and their community awareness levels are indicated in Table 3 .
Mutually adjusted odds ratios of sign and symptom awareness only demonstrated differences for awareness of the unusual bleeding and discharge, which was higher for older respondents (> 50 years) (OR = 1.46 (CI = 1.05-2.05), p = 0.003). HIV status and sex did not have any influence on knowledge of cancer warning signs/symptoms.
Knowledge of Cancer Early Detection and Treatment Options
When respondents were asked what treatment option they would choose if themselves or their relatives had cancer, 10% (n = 83) preferred traditional medicine while 20% (n = 166) preferred a combination of both traditional and modern medicine. The rest (70%) preferred modern medicine. Further, we found that 58% (n = 480) of people interviewed were not aware of cancer early detection services in Moshi. Awareness was not influenced by HIV status, sex, or age of the respondent. When asked about previous cancer screening, only 18% (n = 63) of men and 20% (n = 95) of women had ever screened for cancer before. However, HIV-CTC respondent was one and a half times more likely to screen for cancer than the household respondents (OR = 1.58 (1.07-2.31), p = 0.02). The majority of screened cancers by participants were cervix 75% (n = 114) and breast 20% (n = 33). Two hundred twenty (71%) of participants who responded mentioned KCMC, and 7% mentioned Mawenzi as available cancer care sites in Moshi (Table 4) .
Discussion
Awareness of cancer risk factors and early symptoms is important for prevention and early detection of cancer [18, 37] . A community's knowledge of risk factors helps individuals take personal preventive actions in the avoidance of carcinogenic lifestyle habits. Additionally, awareness of cancer early warning symptoms and the understanding of the potential for curative or palliative treatment influence time to presentation and diagnosis. In the present study, we examined cancer awareness in the general population and HIV-positive population of Northern Tanzania, which were generally high for alcohol and tobacco in particular. We found that 75% of people understood the cancer risks linked to strong spiritsparticularly men who tend to be the consumers of this type of alcohol in this community. Even though only a small proportion of people thought that the well-known and highly consumed home brew called Bmbege^was a risk for any cancer, still the general awareness on risk of alcohol is good. As found out by Dong et al. [36] and discussed in the paper by McCormack et al. [38] , awareness of risk posed by strong spirits [36, 39] is particularly important in this setting where esophageal cancer and other gastrointestinal malignancies are common. In the Kilimanjaro Region where this study was conducted, this is even more important because of the recent insurgency of industrially brewed strong alcohol locally called Bkiroba^-spirits sold in small plastic sachets-very popular among the youth [38] . Similarly, awareness of tobacco use was generally high, and though it was lower in women, they are less likely to be tobacco users, so this lack of awareness may not be critical. On the other hand, women are key educators of children; thus, filling this awareness gap is still needed for the health of future generations. These awareness levels were similar to those found in other studies [27, 36] . (31) 122 (15) 153 (18) 295 (36) Liver [30] , esophagus [24] , gastric [24] 0.79 (0.58, 1.09) 1.82 (1.38, 2.40) 0.85 (0.63, 1.14)
Home-brewed alcohol 135 (16) 120 (14) 340 (41) (67) 64 (8) 62 (7) 147 (18) Liver (54), esophagus [20] 0.80 (0.56, 1.14) (21) 145 (17) 168 (20) 342 ( Relative with breast cancer 188 (23) 88 (11) 375 (45) 177 ( Overweight, obesity
118 (14) 85 (10) 399 (48) (27) 85 (10) 129 (16) The combined percentage exceeds 100% because one person could mention more than one cancer for each risk factor (45) 232 (37) 87 (42) 262 (42) 27 (13) 127 ( Unusual bleeding or discharge 147 (71) 437 (70) 42 (20) 99 (16) 18 (8) 95 (15) (94) 552 (88) 7 (3) 28 (5) 7 (3) 41 (7) 1.14 (0.66, 1.95) 1.34 (0.84, 2.14)
1.04 (0.64, 1.71) Indigestion or difficult in swallowing 124 (60) 382 (21) 56 (27) 156 (25) 27 (13) 83 (13) (74) 458 (73) 31 (18) 102 (16) 16 (8) 61 (10) (58) 66 (32) 168 (27) 26 (13) 90 (14) 1 .36 (0.98, 1.88) 1.03 (0.78, 1.36) 1.03 (0.77, 1.39)
A sore throat that does not heal 165 (80) 447 (76) 25 (12) 88 (15) 17 (8) 56 (9) 64 (31) 229 (37) 132 (64) 347 (56) 11 (5) 45 ( Have you ever been screened for any cancer?
37 (18) 119 (19) 168 (81) 498 (80) 2 (1) 4 (1) 70 (34) 241 (39) 128 (62) 343 (55) 9 (4) 35 ( 433 (70) 23 (11) 63 (10) 41 (40) 125 (20) HH = community participants. CTC = HIV care-and-treatment clinic participants findings. In 2015, awareness of several cancer risks was tobacco (94%), viruses and bacteria (55%), overweight (52%), alcohol (43%), pesticide residues (74%), cured meat (38%), and genetic predisposition (89%). For more than two decades, HIV care programs in Tanzania have provided clinic-based health education to its clients aimed at improving prevention against opportunistic infections and other illnesses including cancer [41, 42] . Included in the HIV-CTC health education message is information on increased risk for cervical cancer for HIV-positive women. In many HIV-CTCs, there is a referral pathway for at-risk women to access cancer screening services usually offered in annexes of major hospital(s) in the region. Consequently, we found that HIV-CTC participants had one and half times more likelihood of attending cancer early detection programs than the household participants, indicating successful education programs in this group. Although this study did not assess in detail the composition of messaging given at the sessions, we believe that this difference in screening uptake is a result of the health education provided at CTC.
Nevertheless, knowledge of infection-related cancer risks among HIV+ people did not differ except for home-brewed alcohols and processed meat (where their awareness was higher). The lack of difference in cancer risk knowledge between these two groups is however of concern, and the effectiveness of education programs in HIV+ people on cancer risk factors and symptom awareness needs strengthening. The reasons for higher screening uptake but low awareness of cancer risk posed by infections such as HIV need to be addressed. This may have resulted from selective uptake of messages from health information packages. This calls for analysis and possible review of content and structure of the health education messages to determine factors influencing its uptake by the target population. This study did not assess the education level of participants; however, a report by UNESCO [43] pointed out that in 2012, literacy rates for persons 15 years and above had risen to 92% with more literate men than women (90% and 94%, respectively). About 83% had primary education and up to 13% with secondary education.
Certain factors were considered as cancer risk factors by this Tanzanian community, yet they are not established carcinogens. With the majority of the population as small-scale farmers with substantial fertilizer use, the question of pesticide use is important for these residents. Use of certain pesticides, DDT (dichlorodiphenyltrichloroethane) in particular, has been investigated in relation to cancer, but is a probable and not a confirmed carcinogen (group 2A (updated in 2017 [33, 44, 45] . In Kilimanjaro, pesticides have been used for more than six decades on coffee plantations and recently opened horticulture farms. The extensive use of these chemicals seems to startle the community. Sixty-four percent thought there is high risk for cancer associated with pesticide use. Mobile phone use was also of concern to individuals, with many considering it as being associated with cancer. In 2013, IARC classified use of wireless phone as possibly carcinogenic (group 2B) [46] . Even if agents are not carcinogenic, at times, there may be needs to specifically address these fears in the local population or to dispel myths of misheld beliefs.
Signs and symptoms can be a good driving factor for early patient presentation. As discussed by Ngoma and Wamai et al. [18, 37] , external lesions are important driving factors for health care-seeking behavior. If awareness was raised selectively on early skin manifestation, majority of cancer cases would be diagnosed while still in a curable stage. In this survey, majority of respondents (90%) said that an obvious growing skin lump could be a warning sign as it was for unusual bleeding and discharge (71%). Awareness to other signs such as breast lumps, hoarseness, and difficulty swallowing could potentially downstage cancer diagnosis in this community.
Although organized cancer screening is not recommended, and because Africa is yet to establish customized African code against cancer as that for the European countries [47] , it is recommended that local practices as detailed in the National Cancer Control Strategy (NCCS 2013-2022) for Tanzania, strategic objective 2.4 [48] be followed. This in addition to many other things; it encourages development and dissemination of educational material on the importance of screening and early detection targeted to the entire population with more emphasis to rural and vulnerable groups. Despite evidence of reduction [49, 50] of cancer risk to HIV patients on combination anti-retroviral drugs (cART), cancer screening or early detection among HIV and especially immunocompromised HIV patients should be encouraged. This should be included as part of discussion topics in the HIV-CTC health education package. HIV-positive women should be encouraged to screen for cervical cancer as per guidelines and NCCS-2013-2022 [48, 51] . The fact that 35% of all women knew about early detection services but only 20% had ever attended early detection is of concern. For these early detection programs to be effective and sustainable, awareness of care points is important. Our survey found that KCMC Hospital was widely known for its early detection and other cancer care services. However, other cancer care centers (such as Mawenzi Hospital) were not as known despite the presence of similar services. Information on care centers needs to be communicated effectively.
As far as we know, this is the first study in Kilimanjaro and Tanzania to ever investigate knowledge and collective awareness of cancer risks mediated by individual agents. Improved diagnosis has raised the public awareness and debate on potential cancer risk exposures. Much as this could mean increased attention to cancer signs and symptoms by clinicians and hence improved diagnosis, many people in the community perceive this as an increase in cancer incidence, and thus, they look to attribute this apparent increase in recent changes in their lives such as methods of food production, processing, and meal preparations. While some of these hypotheses may be true, further research on known and perceived cancer risks of environmental relevance is needed. Results from our study will therefore inform local cancer prevention programs and will set a benchmark for further risk awareness research.
In conclusion, knowledge and awareness to cancer risks and cancer warning symptoms in Tanzania are high and diversified. While people seem to be highly aware to several risks to cancer especially those pertaining to alcohol and smoking, they are also significantly less aware about some other agents that have the same carcinogenic potentials such as HIV infection. The observed difference could be due to selective awareness raised by antismoking campaigns. More awareness is needed for particularly other agents that could potentially expose people to the risks of developing cancer.
